Forty-three methicillin-resistant Staphylococcus aureus (MRSA) isolates with known genetic and epidemiological relatedness and different degrees of transmission were analyzed by antibiotyping, protein A gene polymorphism analysis, and coagulase gene polymorphism analysis. The three typing systems were evaluated for their performance and convenience to define clones and to discriminate between epidemic MRSA (EMRSA) and sporadic MRSA (SMRSA). Antibiotyping and AluI restriction fragment length polymorphism analysis of the coagulase gene were able to define clones in the same way as DNA macrorestriction analysis (SmaI). However, both techniques presented disadvantages, making neither of them useful as a single typing method. Protein A gene polymorphism analysis appeared to be of no value for clonal analysis. None of the three typing methods was able to differentiate between EMRSA and SMRSA.
Outbreaks of hospital-acquired infections due to methicillinresistant Staphylococcus aureus (MRSA) are being reported with increasing frequency, challenging clinicians and infection control teams throughout the world (3, 26, 29, 33) . Some MRSA strains, the so-called epidemic MRSA (EMRSA) strains, are able to rapidly spread among patients. Once introduced into an institution these EMRSA strains are difficult to control and to eradicate. Other MRSA strains, however, lack the capacity to spread extensively.
In the 1950s it was already clear that certain strains of S. aureus were able to cause outbreaks in hospitals (35) . In the early 1980s a single strain of MRSA called EMRSA 1 caused outbreaks in several hospitals in England and Wales (5, 30) . Ten years later Kerr et al. reported the existence of 13 other multihospital EMRSA strains, which affected more than one hospital and were characterized by phage typing, antibiotic susceptibility tests, and selected biochemical tests (12) . At about the same time, Struelens and coworkers demonstrated, by DNA macrorestriction and pulsed-field gel electrophoresis, that the same type 1a MRSA strain caused concurrent epidemics in at least three different Belgian hospitals (24) .
Our own experience at Leuven University Hospital confirms the existence of both EMRSA and nonepidemic, or sporadic, MRSA (SMRSA) (10) . EMRSA strains are mainly acquired by intensive care unit (ICU) patients, and these strains are able to spread. SMRSA strains, on the other hand, are mostly imported into the hospital by long-term-care residents and do not spread.
Discrimination between EMRSA and SMRSA strains is important in terms of a hospital infection control policy. Detection of a discriminative marker would allow a more selective implementation of infection control measures in order to prevent dissemination of MRSA strains within the hospital. Several attempts to identify such a marker were made. Roberts and Gaston found a lower level of protein A expression and a higher level of coagulase expression in EMRSA strains than in sporadic strains (21) . Frenay and coworkers tried to discriminate between EMRSA and SMRSA strains on the basis of protein A gene polymorphism (8) . They reported that strains with more than seven repeats in the X region of the protein A tended to be epidemic, while the presence of seven or fewer repeats was indicative of a nonepidemic MRSA strain. Van Wamel and coworkers tried to differentiate between EMRSA and SMRSA based upon differences in binding to extracellular matrix proteins such as fibronectin, vitronectin, collagen, Fc fragments of immunoglobulin G, and fibrinogen (32) . EMRSA was found to bind significantly less fibrinogen and Fc fragments of immunoglobulin G. Goh and coworkers successfully identified the outbreak MRSA strains in their institution by PCR amplification of the variable region of the coagulase gene followed by AluI restriction and analysis of restriction fragment length polymorphism (RFLP) (9) .
The aim of our study was to evaluate three different epidemiological typing systems-antibiotyping, protein A gene polymorphism analysis, and coagulase gene RFLP analysis-for their performance and convenience in differentiating between EMRSA and SMRSA. These three techniques were also evaluated for their capacity to define clones compared to two reference typing systems, phage typing and DNA macrorestriction analysis. We chose these three systems because of their ease of use and accessibility for every routine laboratory.
MATERIALS AND METHODS
Bacterial isolates. The bacterial isolates were obtained from clinical specimens of hospitalized patients and residents of long-term-care facilities. Sampling was done during two 1-week periods in October 1993 and April 1994 and two 1-week periods in July 1996 and September 1996.
Standard microbiological methods for identification of S. aureus included Gram staining, growth on mannitol salt agar (Difco, Detroit, Mich.), and catalase, DNase, and coagulase testing. All S. aureus isolates for which the MIC of oxacillin was 4 g/ml or more in Mueller-Hinton agar (Difco) with 2% NaCl were classified as MRSA strains. Methicillin resistance was confirmed by the presence of the mecA gene, determined by PCR as described previously (17) .
Strains were stored in a brain heart infusion broth-glycerol mixture (3:1, vol/vol) at Ϫ70°C until further analysis.
Two coagulase-negative isolates were included as negative controls for the PCR testing of the coagulase gene polymorphism.
Reference typing systems. Clonal analysis was performed by phage typing and DNA macrorestriction (SmaI) followed by computer-assisted normalization and clustering and as described below.
(i) Phage typing. Phage typing was done as described by Blair and Williams with the group III international set of phages, kindly provided by C. Godard of the 'Pasteur Instituut van Brabant', Brussels, Belgium (2) . The isolates that were susceptible to lysis by a single phage only or not susceptible at all at the routine test dilution were tested with 100 times the routine test dilution of the phage suspension. Bacterial isolates were considered to belong to different phage types if they were lysed by at least two different phages. The phage types were defined by the numbers of the phages to which they were susceptible. Weak reactions were also taken into account to define the final phage pattern (2) .
(ii) DNA macrorestriction analysis and pulsed-field gel electrophoresis. Isolation of chromosomal DNA was performed as described by Struelens et al. (24) . For each isolate, 5 ml of an overnight culture in brain heart infusion was pelleted by centrifugation at 15,500 ϫ g for 3 min. After being washed in EET buffer (100 mM EDTA, EGTA, 10 mM Tris hydrochloride [pH 8]), the bacteria were resuspended in EET buffer and the suspension was adjusted to a density of 10 9 CFU/ml by cell count and densitometry (optical density at 650 nm ϭ 0.6). The bacterial suspension was subsequently mixed with an equal volume of 2% (wt/ vol) low-melting-temperature agarose (Incert Agarose FMC; Tech Gen, Vallensback Strand, Denmark) in EET buffer and left to solidify. Solid agarose plugs were then incubated in EET buffer plus 0.1 mg of lysostaphin (Ambicin L; Applied Microbiology, New York, N.Y.) per ml for 4 h at 30°C to lyse the bacteria. Agarose plugs were subsequently incubated in EET buffer containing 1% (wt/vol) sodium dodecyl sulfate and 1 mg of pronase per ml for 18 h at 37°C. Protein digestion products were removed by washing the plugs six times for 30 min in 10 mM Tris-1 mM EDTA. The plugs were analyzed immediately or stored in the 10 mM Tris-1 mM EDTA buffer at 4°C until further analysis.
Macrorestriction of genomic DNA was done with 10 U of SmaI (Gibco BRL, Life Technologies, Gaithersburg, Md.) for 4 h at 30°C. Separation of the restriction fragments was carried out via pulsed-field gel electrophoresis in a CHEF MAPPER system (Bio-Rad Laboratories, Hercules, Calif.) in 1% (wt/vol) chromosomal-grade agarose gels. Electrophoresis was performed at 200 V in a buffer containing 44.5 mM Tris hydrochloride, 44.5 mM boric acid, and 1 mM EDTA (pH 8) with alternating pulses at a 120°angle in a 5-to 15-s pulse time gradient for 10 h and a 15-to 45-s pulse time gradient for the next 12 h. A temperature of 14°C was maintained throughout the run. A DNA polymer (Pharmacia, Uppsala, Sweden) and DNA from S. aureus NTCC 8325 cut by SmaI were included as molecular size markers (20) . After electrophoresis, gels were stained with ethidium bromide, rinsed, and photographed under UV light.
Definition of EMRSA versus SMRSA and analysis of strain relatedness. A strain was classified as EMRSA if isolates of the strain showed the capacity to spread among patients. This implied that for a given period these isolates were acquired by many patients during their hospitalization in the same ward (time and space clustering) and that these isolates were all genetically related.
Strains were considered SMRSA if they were recovered from only one patient. If more isolates with the same genotype were recovered from different patients, transmission between these patients could be excluded, since they were never hospitalized on the same ward and/or during the same period. This implied that these isolates did not spread.
Genetic relatedness was based on the results of DNA macrorestriction analysis and defined as advocated by Struelens et al. and Tenover et al. (25, 28) .
Isolates were classified as genetically closely related to the EMRSA if their macrorestriction pattern differed from EMRSA pattern by changes consistent with a single genetic event, which typically results in a two-to three-band difference. These isolates showed a Dice coefficient of correlation of 80% or more with EMRSA. Isolates were classified as possibly genetically related to the EMRSA if their macrorestriction pattern differed from the EMRSA pattern by changes consistent with two independent genetic events, i.e., a four-to six-band difference, and if they had a Dice coefficient of correlation of 68 to 79%. Isolates were classified as genetically unrelated to EMRSA if they showed a six-band or greater difference and a Dice coefficient of correlation of 60% or less.
Banding patterns were compared visually by two independent observers and by calculating the Dice coefficients of correlation (number of shared fragments ϫ 2 ϫ 100/total number of fragments in the two samples) with the Gel Compar software (Applied Maths, Kortrijk, Belgium) (6).
Epidemiologic relatedness was based on data obtained by analysis of patients charts. The isolates were considered epidemiologically related to EMRSA when they were recovered during the same time frame or from the same area during the patients' hospital stay, according to the guidelines proposed by Tenover et al. (28) .
Evaluation of typing systems. The typing systems were evaluated (i) for the capacity to define clones and (ii) for the ability to discriminate between EMRSA and SMRSA. In addition we also assessed the typing ability, reproducibility, and discriminatory power (11) of each typing system as defined by Maslow and Mulligan (15) .
(i) Antibiotic susceptibility testing. Susceptibility testing was performed by agar dilution, according to National Committee for Clinical Laboratory Standards guidelines (19) . Antibiotics tested were penicillin, ampicillin, oxacillin, erythromycin, clindamycin, trimethoprim-sulfamethoxazole, gentamicin, tobramycin, amikacin, netilmicin, nitrofurantoin, imipenem, fusidic acid, rifampin, novobiocin, ofloxacin, and vancomycin. Isolates showing an intermediate level of susceptibility were classified as resistant. Bacterial isolates were considered to belong to different antibiotypes if at least one difference was observed (24) .
(ii) PCR amplification and restriction analysis of the staphylococcal protein A gene. PCR amplified the highly polymorphic sequence of the X region of the protein A gene, which is composed of a variable number of 24-bp repeats. Strains were analyzed as described previously by Frenay et al. with some modifications (8) . An isolated bacterial colony on a blood agar plate was suspended in 1 ml of sterile water and centrifuged for 1 min at 15,500 ϫ g. The pellet was resuspended in 200 l of Instagene matrix (Bio-Rad Laboratories) and incubated at 56°C for 15 to 30 min. The sample was heated to 100°C for 8 min and centrifuged at 15,500 ϫ g for 3 min. The forward primer 5Ј TGTAAAACGACGGCCAGTGC TAAAAAGCTAAACGATGC and the reverse primer CAGGAAACAGCTAT GACCCCACCAAATACAGTTGTACC were used. Ten microliter of cell lysate was added to a PCR mixture containing 1 M of each primer, 4 l of 10-foldconcentrated PCR buffer, 200 M of each deoxynucleoside triphosphate, and 1 U of Taq polymerase (Perkin-Elmer, Roch Molecular Systems, Inc. Branchburg, N.J.) in a final volume of 40 l of deionized water. Each sample was subjected to 25 cycles, each of 1 min at 95°C, 1 min at 60°C, and 1 min at 72°C (PerkinElmer thermal cycler 480).
Ten microliters of the PCR product was cut overnight with 5 U of RsaI (Pharmacia) according to the manufacturer's recommendations. Both the PCR products and the restriction fragments were detected by electrophoresis through a 3% Nusieve GTG agarose gel (FMC Bioproducts, Rockland, Maine) in the presence of ethidium bromide and photographed under UV illumination.
(iii) PCR amplification and restriction analysis of the staphylococcal coagulase gene. Strains were analysed as described by Goh et al. with some modifications (9) . Bacterial DNA was obtained as described above. The 3Ј-end region of the coagulase gene was amplified with two primers: COAG 2 (5Ј CGAGACCA AGATTCAACAAG 3Ј) and COAG 3 (5Ј AAAGAAAACCACTCACATCA 3Ј). Ten microliters of cell lysate was added to a PCR mixture containing 1 M each primer, 4 l of 10-fold concentrated PCR buffer, 200 M each deoxynucleoside triphosphate, and 1 U of Taq polymerase (Perkin-Elmer) in a final volume of 40 l of deionized water. Each sample was subjected to 40 cycles, each of 30 s at 95°C, 2 min at 55°C, and 4 min at 72°C. Ten microliters of the PCR product was cut overnight with 10 U of AluI (Boehringer Mannheim, GmbH, Mannheim, Germany) according to the manufacturer's recommendations. Both the PCR products and the restriction digest fragments were detected by electrophoresis through a 2% Nusieve GTG agarose gel (FMC Bioproducts) in the presence of ethidium bromide and photographed under UV illumination. The AluI RFLP patterns were given numeric codes as defined by Chow (4) . This code consists of as many digits as there are bands in the RFLP pattern. Starting with the smallest fragment, each digit gives the multiple of 81 bp found in the band that it correlates with.
RESULTS
Assignment of the isolates to categories of genetic and epidemiologic relatedness through DNA macrorestriction analysis and phage typing. Eighty-seven isolates were collected from 83 patients. For 81 patients, only one MRSA strain was isolated. For two patients, four and two isolates with different DNA macrorestriction types were recovered on different occasions. With DNA macrorestriction analysis, these 87 isolates were divided into 25 different DNA macrorestriction types (Table 1 ). Phage typing showed 10 different phage patterns. Of the 87 isolates, 21 (24%) were not typeable by the group III international set of phages.
DNA macrorestriction types 1/I and 1/II were found to be the predominant types in terms of frequency of isolation in our hospital. They were isolated from 25 and 31 patients, respec-tively. Twenty of the 25 isolates (80%) with DNA macrorestriction type 1/I and 23 of the 31 isolates (74%) with macrorestriction type 1/II were collected from patients in the ICU. We found that these isolates were acquired by these patients during their stay in the ICU (10). For 9 of the remaining 13 macrorestriction type 1/I and 1/II isolates, the isolate was probably acquired in the ICU but was isolated from the patient on the ward following ICU stay. From these observations we conclude that these types 1/I and 1/II have the capacity to spread between patients. Isolates of macrorestriction type 1/I were compared to the Belgian epidemic strain and were all indistinguishable (24) . The dominant DNA macrorestriction types 1/I and 1/II differed by only one band in the 360-kb region. According to the criteria proposed by Tenover and Struelens (25, 28) this indicates that these two macrorestriction types are closely related. Interestingly, phage typing suggested a genetic distinction between macrorestriction type 1/I and 1/II. A significant correlation between macrorestriction types 1/I and 1/II and the phage types A and B was found. Of the 16 phagetypeable macrorestriction type 1/I isolates, 15 (94%) showed phage pattern B (Table 1 ) and 1 showed phage pattern F. Of the 29 phage-typeable isolates of macrorestriction type 1/II, 20 (69%) revealed phage pattern A and only 3 had phage pattern B. The remaining macrorestriction type 1/II isolates belonged to types H, D, E, and J or were not typeable.
Phage pattern A is the classical epidemic pattern found in the EMRSA strains that were dominant in Belgian hospitals in the late 1980s. Pattern B is the recent epidemic phage pattern found in the EMRSA strains that became predominant in Belgian hospitals in 1993 (34) .
Ten isolates belonging to nine DNA macrorestriction types were isolated from 10 patients. These nine DNA macrorestriction types-1/III, 1/IV, 1/V, 1/VI, 1/VII, 1/VIII, 1/IX, 1/X, and 1/XI-were genetically closely related to macrorestriction types 1/I and 1/II, with a Dice coefficient of correlation of 80 to 86%. They showed phage pattern B in eight cases, phage pattern G in one case, and phage pattern H in one case. These isolates were all considered epidemiologically related to electrotypes 1/I and 1/II because of their time and space clustering. However, these isolates were classified as sporadic rather than epidemic because they were not frequently isolated and because spread to other patients could not be demonstrated. Table 2 . e The total number of isolates is 43; for antibiotyping and protein A gene and coagulase gene polymorphism analysis, only a random sample of the 87 isolates was tested.
f Data are numbers of 24-bp repeats. g Data are multiples of 81 bp (each digit corresponds to one band).
DNA macrorestriction types 1/XII, 1/XIII, 1/XIV, and 1/XV were classified as genetically possibly related to types 1/I and 1/II, with a Dice correlation coefficient of 68%. Three isolates showed phage pattern A, two showed phage pattern B, and one showed phage pattern D (Table 1) . They were classified as not epidemiologically related to the epidemic strains because of the lack of space clustering: all strains originated from different wards. In addition, they were not epidemic in terms of frequency of isolation. The six isolates belonging to the four macrorestriction types were found in six patients, and transmission between patients could be excluded.
All macrorestriction types already mentioned were designated clonal group 1 (Fig. 1 ). Fifteen isolates from 15 patients representing 10 macrorestriction types (2/I, 2/II, 2/III, 2/IV, 2/V, 2/VI, 2/VII, 2/VIII, 2/IX, and 3/I) ( Table 1) were not genetically or epidemiologically related to macrorestriction types 1/I or 1/II. They showed a Dice coefficient of correlation of 60% or less with macrorestriction types 1/I and 1/II (Fig. 1) . Four isolates belonged to macrorestriction type 2/I and were recovered from four geriatric patients, but direct transmission between these patients could be excluded. Two of these four patients were hospitalized in two separate geriatric wards and the other two patients were residents of two distant long-termcare facilities. Except for the single macrorestriction type 3/I isolate, all these macrorestriction types were genetically closely related (less than a four-band difference or a Dice coefficient of correlation of 75 to 95%). Consequently, macrorestriction types 2/I, 2/II, 2/III, 2/IV, 2/V, 2/VI, 2/VII, 2/VIII, and 2/IX were considered to belong to the same clonal group, group 2. The unique isolate of macrorestriction type 3/I was considered to constitute clonal group 3 (Fig. 1) . All isolates of clones 2 and 3 were classified as SMRSA.
Antibiotyping and protein A and coagulase gene polymorphism analysis as epidemiological typing systems. Forty-three of the 87 isolates were randomly selected for further analysis: 29 isolates were from clone 1, 13 were from clone 2, and 1 was from clone 3 ( Table 1 ). Based on the criteria of genetic relatedness, a distinction was made within clone 1 between isolates that were genetically closely related and genetically possibly related to macrorestriction type 1/I (28). On the basis of the epidemiological data and the criteria described above, 15 isolates of clone 1 were classified as EMRSA and 28 isolates originating from clones 1, 2, and 3 were considered SMRSA. Each isolate was subjected to antibiotyping and protein A and coagulase gene polymorphism analysis in order to determine to what extent each method could identify clonal relatedness and predict epidemic behavior.
(i) Antibiotyping. Eleven distinct antibiotypes were identified (Table 2 ). Of 15 EMRSA isolates, 7 showed antibiotype a, 5 showed antibiotype f, and 3 showed antibiotype e. Of the 10 genetically closely related isolates that belonged to clone 1, 4 showed antibiotype a and two showed antibiotype c. Antibiotypes b, d, e, and j were found in only 1 isolate each. All four genetically possibly related isolates that belonged to clone 1 showed different antibiotypes: c, f, g, and h. No single antibiotic or combination of antibiotics could discriminate between the different subtypes of clone 1. All 29 isolates belonging to clone 1 were resistant to ofloxacin, erythromycin, clindamycin, gen- (3) d (1) e (4) f (6) g (1) h (1) i (13) 
a R, resistant; S, susceptible. b Numbers in parentheses are numbers of isolates.
tamicin, and tobramycin. Of these 29 isolates, 76% were resistant to rifampin and 69% were resistant to amikacin. All 13 isolates of clone 2 showed antibiotype i. Antibiotype i isolates were all resistant to gentamicin and ofloxacin but susceptible to erythromycin, amikacin, clindamycin, and rifampin. Therefore, erythromycin and clindamycin were clonal markers for clone 1 and 2 strains.
The unique macrorestriction type 3/I isolate representing clone 3 showed antibiotype k. The clone 3 strain was resistant to ofloxacin, gentamicin, amikacin, and erythromycin but susceptible to clindamycin.
All of the 15 EMRSA strains were resistant to at least 10 of the 14 antibiotics tested. Of the 28 SMRSA isolates, on the other hand, 14 were resistant to fewer than 10 of the 14 antibiotics tested. All isolates were typeable by antibiotyping. The reproducibility was good, and the interstrain discriminatory index was high (0.84).
(ii) Protein A gene polymorphism analysis. Amplification by PCR of the highly polymorphic sequence of the X region of the protein A gene and restriction by RsaI generated a constant fragment of 214 bp, a 35-bp fragment not visible on the gel, and a third fragment containing a variable number (from 9 to 11) of 24-bp repeats (Table 1) . Of the 15 EMRSA isolates of clone 1, 14 showed 11 repeats and 1 had 10 repeats. Of the 10 genetically closely related isolates of clone 1, 7 had 11 repeats and 3 had 10 repeats. Of the four genetically possibly related isolates of clone 1, two showed 11 repeats and two showed 10 repeats. For clone 2, we found no isolate with 11 repeats, but 8 isolates of 13 showed 10 repeats and 4 showed 9 repeats. For one particular isolate of clone 2 (macrorestriction type 2/VII), repeated analysis failed to produce a banding pattern. The single isolate of clone 3 showed 10 repeats. On the basis of these results, discrimination between isolates belonging to different clones was not possible. In addition, no distinction could be made between isolates with different spreading behaviors within clone 1. When considering the ability of the results of protein A gene polymorphism analysis to differentiate between EMRSA and SMRSA strains, we found the following: of the 28 SMRSA isolates, 9 showed 11 repeats, 14 had 10 repeats, and 4 had 9 repeats; of the 15 EMRSA isolates, 14 showed 11 repeats and 1 had 10 repeats.
The typing ability of protein A gene polymorphism analysis was 0.97, and the reproducibility was 100%. The interstrain discriminatory index was low (0.58).
(iii) Coagulase gene polymorphism analysis. AluI restriction of the PCR amplification product of the 3Ј region of the coagulase gene generated multiple DNA fragments. Two coagulase-negative staphylococci served as negative controls and produced no DNA products upon PCR amplification. PCR amplification and restriction of the coagulase gene of the 43 MRSA isolates generated three different patterns (Table 1 ). All 29 isolates of clone 1 showed the RFLP pattern 1,2,5. All 13 isolates of clone 2 showed the pattern 1,3,6. The unique clone 3 isolate showed only one fragment, corresponding to 10 repeats. On the basis of these RFLP patterns, isolates could be assigned to the correct clone-1, 2, or 3-as defined by macrorestriction analysis.
Prediction of the spreading behavior (EMRSA versus SMRSA), on the other hand, was not possible. All EMRSA isolates revealed the same 1,2,5 RFLP pattern, but for the SMRSA both RFLP patterns were equally represented (14 isolates with a 1,2,5 pattern, 13 isolates with a 1,3,6 pattern, and 1 isolate with a single fragment).
All strains were typeable; the technique was 100% reproducible, but the discriminatory index was low (0.46).
DISCUSSION
In this study we evaluated antibiotyping and protein A gene and coagulase gene polymorphism analysis for their capacity to define clonal relatedness and to detect markers of epidemicity. It is clear that rapid and reliable discrimination between MRSA with possible epidemic behavior (EMRSA) and MRSA without the tendency to spread (SMRSA) is of crucial importance in any attempt to prevent MRSA outbreaks.
The clonal relatedness of the set of isolates used in this study was first determined on the basis of DNA macrorestriction analysis because this has become the new "gold standard" for epidemiological typing (1) . The guidelines proposed by Tenover and the European Study Group on Epidemiological Markers have resolved the issue of standardization and interpretation of genomic typing patterns (25, 28) . Three separate clones named 1, 2, and 3 were identified. Combined with analysis of patient data, the results of DNA macrorestriction analysis allowed division of clone 1 isolates into EMRSA and two groups of genetically related nonepidemic isolates (28) . Macrorestriction type 1/I is the Belgian EMRSA type defined by Struelens and coworkers (24) . Although type 1/II was genetically very closely related to type 1/I, we considered it a different EMRSA type because of its different phage pattern. Most EMRSA isolates had either phage pattern A or B, previously identified as the Belgian epidemic patterns (34) . In spite of its limitations, we performed phage typing to complement the results of macrorestriction analysis because it has long been considered the gold standard (1, 16, 31) .
Antibiotyping allowed a clear distinction between clone 1 and 2 isolates on the basis of their susceptibility to erythromycin and clindamycin and was therefore found to be an acceptable clonal marker for this set of isolates. Nevertheless, it lacks the discriminatory power of DNA macrorestriction analysis, and the inherent instability of the plasmids makes it unreliable over extended periods. Antibiotyping is, however, the simplest epidemiologic typing method, the results are easy to interpret, and minimal laboratory skills and equipment are required.
Protein A gene polymorphism analysis reportedly discriminates between EMRSA and SMRSA but has not been claimed as a method for defining clonality (8) . A match between the numbers of 24-bp repeats and the clones defined by DNA macrorestriction analysis could not be demonstrated. Nevertheless, as strains became genetically more distant from the EMRSA, the percent 11-repeat isolates decreased and the percents 10-and 9-repeat isolates increased. Interestingly, one isolate was repeatedly not typeable, suggesting absence of the X region of the protein A gene, which encodes the cell wall binding domain. This could imply production of exclusively extracellular protein A or the absence of the protein A gene (7) .
Coagulase gene RFLP patterns matched perfectly with the clonal delineation defined by DNA macrorestriction analysis. All strains of clone 1 had the pattern 1,2,5 whereas all strains of clone 2 showed the pattern 1,3,6. Coagulase gene RFLP analysis has been reported as a new and attractive typing method for clinical laboratories (9, 13, 18, 22) . It requires only small quantities of crude DNA, and isolates can be compared easily by both the number of PCR products and the sizes of their AluI restriction fragments. The low discriminatory power makes it less suitable as a single typing method, but this could be overcome by the use of other enzymes to expand the number of bands (27) .
The second aim of our study was to evaluate the capacity of these three techniques to discriminate between EMRSA and SMRSA. Extensive epidemiologic data were obtained which, in conjunction with DNA macrorestriction analysis, made the identification of epidemic versus sporadic phenotypes unequivocal. The frequency of isolation and the observation of transmission clearly differentiated between epidemic and nonepidemic strains (10) . A clear distinction needs to be made between genetic relatedness, epidemiologic relatedness, and epidemic behavior. Some epidemiologically unrelated isolates may have similar or indistinguishable genotypes, particularly if there is limited genetic diversity within a species or subtype. This is especially true for most strains of MRSA, which are derived from a small number of ancestral clones (14, 27) . In our study it became clear that isolates can be both genetically and epidemiologically closely related to an epidemic strain without showing a tendency to spread. Possibly these strains arose from long-standing circulating epidemic strains through loss of epidemic markers. Typing studies performed on isolates for which epidemiologic information is not available may produce misleading information. Therefore, strain typing does not replace epidemiologic data. Rather, these two data sets should be developed independently but analyzed together to determine strain relatedness and to anticipate the capacity of the strain to cause major hospital outbreaks.
Antibiotyping was unable to predict the epidemic behavior of an isolate, although EMRSA tended to be multiresistant. Multidrug resistance may contribute to the ability to survive in the hospital environment but cannot be considered the only factor that contributes to the spread of EMRSA in hospitals.
Discrimination between EMRSA and SMRSA on the basis of protein A gene polymorphism with a cutoff value of seven 24-bp repeats in the X region was proposed by Frenay and coworkers (8) . A longer X region would allow a more favorable exposure of the Fc binding regions at the cell surface, facilitating colonization and infection of the skin or other not-yetidentified sites that may be important for epidemic spread. In our study, all isolates showed 9 to 11 repeats, independently of their epidemic behavior. Our observations are in concordance with the report of Senna and coworkers, who also were not able to validate the cutoff value of seven repeats (23) . It has been suggested that multiple loci of the chromosome may contribute to the epidemic character of a strain. The number of 24-bp repeats in the X region of the protein A gene might be only one of these markers.
For the coagulase gene RFLP analysis, too, the patterns were not a marker of epidemiological relatedness and were not able to differentiate between isolates with and without an epidemic character within the same clone. Moreover, the two RFLP patterns were equally represented within the SMRSA group.
Interestingly, four isolates from four different patients were indistinguishable by DNA macrorestriction analysis and clustered in macrorestriction type 2/I. Whether these strains represent a new emerging clone with epidemic behavior is not clear at this moment. No epidemiological relatedness could be demonstrated for these four isolates.
In conclusion, antibiotyping is valuable, especially in routine laboratories, as a first-line screening method to determine strain relatedness. It may allow quick and early recognition of a previously defined epidemic strain in a particular hospital setting. Coagulase gene polymorphism analysis provides easy and early analysis of clonal relatedness of isolates. Protein A gene polymorphism analysis was not a valuable method of clonal analysis. None of the three typing methods was able to make a distinction between EMRSA and SMRSA. The epidemic factor has not been characterized. Undoubtedly, multiple factors contribute to the ability of staphylococci to spread in hospitals.
